Abstract. A 10-year record (1985-1994) of output statistics from the European Centre for Medium-Range Weather Forecasts (ECMWF) model shows that profound seasonal changes in surface pressure take place over the Antarctic continent. The most pronounced changes occur during the periods straddling the brief Antarctic summer, from September to December and again from January to April. Surface pressures atop the high Antarctic plateau often display changes in excess of 20 hPa during these periods. Temperatures in the lower troposphere also exhibit marked changes during these transitional periods; surface temperature changes during these 3-month periods reach a maximum near 40 K over the high interior of Antarctica. Hydrostatic considerations suggest that the thermal adjustment in the lowest levels of the atmosphere alters the vertical distribution of pressure with height and hence is consistent with the dramatic seasonal surface pressure changes over the elevated Antarctic ice sheets. A strong interplay exists between the thermal forcing and the katabatic wind circulation over the continent. The large seasonal changes in solar insolation reaching the Antarctic ice surface modulate the intensity of the katabatic wind regime and thus the resulting mean meridional circulation between the continent and the subpolar latitudes. It is proposed that the diabatic adjustment in the lower levels of the atmosphere over Antarctica disrupts the mean meridional circulation creating a seasonal mass imbalance and hence surface pressure changes. It is through the meridional transports that the mass and wind fields reach a quasi-equilibrium adjusted state. The seasonal mass movement over Antarctica requires large-scale mass compensation over much of the southern hemisphere and shows that the diabatic influences at the Antarctic surface have far-field impacts.
Introduction
Data collected at manned and automatic weather stations (AWSs) located atop the Antarctic continent suggest that rapid and profound changes in surface pressure accompany the austral autumn and springtime transkion periods [Keller et al., 1994; Radok et al., 1996] . The largest surface pressure changes appear to occur over the highest reaches of the East Antarctic continent. AWS records from Dome C (123.0øE, 74.5øS), situated atop the East Antarctic interior at 3280 m elevation, suggest that annual surface pressure changes typically exceed 25 hPa. The periods of most significant change straddle the brief Antarctic summer. In particular, the 3-month periods January to April (hereinafter JA) and September to December (SD) exhibk the bulk of the surface pressure changes. Surface pressures over the continent undergo a dramatic autumn decrease and an even larger springtime increase. Previous work [e.g., Schwerdt•ger, 1960 Schwerdt•ger, , 1967 Schwerdt•ger, , 1984 van Loon, 1967 van Loon, , 1972 has emphasized that such large-scale changes over the continent imply that organized mass transport must occur between Antarctica and subpolar latitudes. Schwerdt•ger [1967] Additionally, the Antarctic orography acts as a buffer to the southward penetration of extratropical cyclones onto the face of the continent [Mechoso, 1980] . Potential vorticity considerations imply that a pronounced cyclonic circulation decrease must accornpany the movement of low-pressure disturbances across the steep ice escarpment of the coastal stretches of Antarctica. This restricts the vigorous cyclonic parade to a path parallel to and just north of the continental coastline and ensures the existence of an intense baroclinic zone along the coastal periphery throughout the year. The continental ice topography is also responsible for the katabatic wind regime in the lowest few hundred meters of the Antarctic atmosphere.
This vast drainage network of radiatively cooled air serves as an important cold air transport mechanism between the continent and the subpolar regions. The well-documented persistence of the katabatic flow regime implies that a mean meridional circulation must exist over the high southern latitudes. This thermally direct circulation consists of a shallow, low level outflow from the katabatic wind over Antarctica, a region of rising motion just north of the coastal ice slopes, a broad but weak southerly return flow in the middle and upper troposphere, and subsidence over the continent. The attendant meridional circulation established between the Antarctic and the subpolar latitudes has important dynamical consequences. Egger [1985] noted that the meridional circulation induces convergence in the middle to upper levels of the troposphere over the Antarctic continent which feeds the katabatic wind regime. The convergence acts to generate cyclonic vorticity in the troposphere. In this sense the topography acts to anchor the upper tropospheric vortex over the continent to a degree unparalleled by the NH. James [1988, 1989] It is interesting to note that the 10-year ECMWF output statistics show that the atmospheric column over Greenland is subjected to seasonal oscillations in surface temperature and pressure similar to that seen over the Antarctic. During the NH springtime period from March to June, surface temperatures over the Greenland ice sheet (not shown) increase in a pattern similar to that seen over Antarctica such that the surface temperature change contours mimic the underlying ice terrain. Surface pressure changes over Greenland during this springtime period also display a significant rise wkh isallobaric patterns also following closely the underlying ice terrain. The reverse of this situation can be seen during the NH autumn period. Such similar trends speak of the profound adjustment in the temperature over the lower levels of the high northern latitudes surrounding Greenland. Given the small size of the Greenland ice sheet as compared to Antarctica, the impact of the seasonal cycle of heating and cooling on the NH tropospheric circulations is undoubtedly smaller.
